INTRODUCTION
Redox-active catechols and ortho-aminophenols are of great interest as non-innocent ligands for their ability to contribute to electronic properties typically associated with metal valence electrons. 1 One example of such ligands is N,N'-bis(3,5-di-tert-butyl-2-hydroxyphenyl)-1,2-phenylenediamine (H4N2O2) that can be viewed as a dimeric derivative of two bidentate orthoaminophenols. 2 Thus, it can act, once partially or fully deprotonated, as a multidentate ligand to form complexes with Cu and Zn 2 as well as with Ti and Zr. 3, 4 This potentially tetradentate ligand has rich electrochemical behavior and it can present five different oxidation states that are interrelated by one-electron transfer steps (see
Chart 1).
Oxomolybdenum(VI) complexes of various multidentate nitrogen based ligands are known to behave as active catalysts in bioinspired oxotransfer reactions. 5, 6, 7 In the current contribution, we although similar reactivity with MoO2Cl2 derivatives has been observed earlier. 8, 9 In general, the cleavage of both metal-oxo bonds and the formation of a Mo(VI) compound without any multiply bonded terminal ligands is rare. 10 As structurally comparable 2,2′-biphenyl-bridged
where the diarylamines remain protonated and bind trans to the terminal oxo groups. 10 In our studies, the elimination of both oxo moieties is probably due to the rigid geometry of the ligand system, which precludes the formation of the favorable cis-MoO2 structure. This and the relatively vague geometrical parameters of the product inspired us to study the bonding in detail (see below). (Heg -= ethanediolate monoanion) as a starting material. The 1 H NMR spectrum of 2 does not offer any structural information as it shows only broad overlapping signals for the tert-butyl groups as well as for the hydrogen atoms in the aromatic rings. Similarly to 1, the infrared spectrum of 2 does not display any characteristic absorption for the Mo=O moiety. The structure of the compound was verified by X-ray crystallography (see below) to be a neutral molybdenum complex where two different ligands are coordinated to the metal. The protonation states of the ligands were verified by the observation of a peak in the electrospray mass spectrum at the mass expected for the empirical formula. Interestingly, both ESI(+) and ESI(-) mode gave similar peak patterns with the characteristic isotope distribution of the metal. It seems that the molecular cation is formed due to the removal of the odd electron, whereas the molecular anion is formed by the reduction of the metal or pairing of the odd electron.
Analytical samples of 2 were obtained from freshly prepared reaction mixtures as the material seems to metamorphose upon standing for a longer period of time. Although the physical appearance and unit cell parameters of the crystals remain unchanged over time, their diffraction intensities decrease significantly. This causes the refinement of the structure to fail due to the strong disorder of the ring atoms, which in turn suggests that the oxidation state of the ligand and/or metal can vary without any substantial changes in the overall molecular structure. 
STRUCTURAL STUDIES
Crystals of 1 were obtained from the reaction mixture in acetonitrile. In the solid state structure (Figure 1 ), the molybdenum atom shares a plane with two oxygen atoms and two nitrogen atoms from the N2O2 ligand as well as with one oxygen donor from the coordinated dmf ligand. Two chlorides in axial positions complete the heptacoordinated environment around the metal center which is best described as a distorted pentagonal bipyramid. 11 In principle, the protonation and oxidation level of the H4N2O2 ligand can be determined from high quality single crystal X-ray data as the C-C, C-N and C-O distances change systematically upon stepwise one-electron oxidation processes.1 In 1, the C-C bond lengths within both the phenolic parts of the N2O2 ligand and the central ring fall in the range 1.38 -1.41 Å (Table 1) are omitted for clarity. Thermal ellipsoids are drawn at the 30% probability level.
The single crystals of 2 were separated from the methanol solution of the ligand and [MoO2(acac)2] as described above. X-ray structure ( Figure 2 ) showed that the asymmetric unit consists of two crystallographically independent molecules with comparable structural parameters (Table 1) . In these molecules, both the oxo moieties and the acetylacetonato ligands have been replaced during complexation, the final product being a neutral heptacoordinated complex [Mo(N2O2)(HN2O2)] where the ligand displays two different coordination modes. One of the two ligands is fully deprotonated, whereas the other ligand has a dangling phenol part with an intact OH group. The formal oxidation state of the Mo center can again be estimated from the oxidation levels of these two different ligands. Similarly to complex 1, the ligand assembly is not unambiguous since the quality of the X-ray data does now allow an in-depth analysis of the geometrical parameters. Nevertheless, the tetradentate ligand seems to be analogous to a fully 
Figure 2. Crystal structure of 2 (left) and its numbering scheme (right). C-H hydrogens and tert-
butyl substituents are omitted for clarity. Thermal ellipsoids are drawn at the 30% probability level.
MAGNETIC PROPERTIES
Compound 1 showed only a diamagnetic signal as expected due to the even number of electrons. Compound 2, on the other hand, gave a paramagnetic signal with susceptibility χmol = 4.2×10 -7 m 3 /mol at 5 K (χmol = M•χv/ρ, where ρ is the density, M is molar mass and χv is volume magnetic susceptibility). The temperature dependence of the susceptibility was also measured χmolT vs. T plot of 2 (bottom) as well as the plots of χmol vs. T and 1/χmol vs. T (top). As can be seen from the figure, the inverse of susceptibility does not obey the Curie law, which means that the magnetic spin is not localized. However, χmol is not temperature independent either as would be expected for Pauli paramagnetism induced by a completely non-localized electron.
Consequently, the most probable explanation of the data measured for compound 2 is a partially localized unpaired electron that is causing the magnetic properties. 12 The calculated magnetic moment (µeff) at the high temperature range (T > 150 K) is 1.80 B.M. whereas it is 1.25 B.M. at the low temperature range (T < 80 K). As the 'spin only' value for an unpaired electron is 1.73
B.M., the magnetic moment at the high temperature range clearly indicates the presence of only one unpaired electron. 
ESR SPECTROSCOPY
X-band electron spin resonance (ESR) spectra of the solid compounds 1 and 2 were measured at room temperature as well as at 4 K, whereas the solution spectrum of 2 was measured in CH2Cl2 at room temperature. As expected, compound 1 did not show an ESR signal, while a solid sample of 2 gave an axial spectrum at 4 K with g = 2.0157 and g|| = 2.0047 (see Supporting Information). Thus, the calculated g = 0.011 and <g> = 2.012. In CH2Cl2, 2 produced a nearly isotropic ESR signal (S=½) giso = 2.0087 with minor asymmetry, possibly due to an unresolved hyperfine interaction. These values clearly indicate that the unpaired electron is predominantly on the orbitals of the ligand, in a similar fashion as in Ni(II) and Ru(II) semiquinone complexes, 13 and not on the metal as <g> varies from 1.938 to 1.952 in several octahedral Mo(V) compounds. 14 Against this scenario, 2 is best described as a molybdenum(VI) complex with a semiquinone-type radical ligand.
THEORETICAL STUDIES
Since the oxidation state of the ligands in 1 and 2 cannot be explicitly determined from the Xray diffraction data, DFT calculations were performed to shed light to the electronic structure and bonding of the ligands in these complexes. Generally in the non-innocent C6H4(NR)2-o and C6H4(O)(NR)-o species (R = H, alkyl, aryl), the discrimination between the completely reduced amido and phenoxido or oxidized imino and quinone formulation of the ligand is done by inspecting the trends in the experimentally determined C-C, C-N and C-O bond distances, which obviously requires very high quality X-ray diffraction data. 1, 15, 16 In addition, the partially reduced radical o-benzosemiquinoneiminato form should be recognizable by comparison of these bond distances. 17 As earlier studies have shown, 18 computational analyses provide in many cases crucial information when determining the electronic nature of the coordinating ligand and that of the entire complex, especially when the experimental structural data is inconclusive.
In order to determine the correct electronic states of the metals and ligands in both 1 and 2, the geometries of model complexes 1' and 2' (tert-butyl substituents replaced with methyl groups)
were optimized using the PBE1PBE 19 functional and def2-TZVP 20 basis sets. The nature of the stationary points found was addressed by the subsequent calculation of two of the lowest eigenvalues of the Hessian matrix. Selected geometrical parameters of the optimized structures are given in Table 1 .
For 1, there exist three plausible electronic states: a closed shell singlet 1'-S, a high-spin triplet 1'-T and a broken symmetry singlet diradical 1'-DR. Geometry optimizations were performed for all of these states and the results indicate that the triplet state is about 30 kJ/mol higher in energy than either of the two singlet states (in agreement with magnetometric measurements) and therefore will not be discussed further. From the two singlet states, the ground state is the diradical state 1'-DR which however is only 5 kJ mol -1 lower in energy than 1'-S. Considering such a small energy difference between these states, the diradical nature of complex 1 is relatively small, which is also evident from the calculated frontier molecular orbitals (MOs, see below) and from the spin distribution of the broken symmetry solution (Figure ) . According to the Mulliken population analysis and the calculated spin density, 21 the formally unpaired electrons in 1'-DR are localized mostly at the nitrogen atoms of the ligand and at the molybdenum center. The diamagnetism in 1'-DR is then due to the relatively strong antiferromagnetic coupling between these electrons, which results in an S = 0 state. (4) The concept of metrical oxidation state (MOS) was introduced recently by Brown 23 and it has been used to quantify the formal oxidation state of non-innocent (oxidized) amidophenoxide or catecholate ligands coordinated to metal ions by examination of their geometrical parameters.
The MOS calculated for the experimental structure 1 is 1.55 (14) . Corresponding values for the DFT optimized structures 1'-S and 1'-DR are 1.58(17) and 1.47(15), respectively. From these, the data for 1'-S is in slightly better agreement with the experimental value although the estimated standard deviations are very high, preventing definite conclusions being made. As explained by Brown, compounds with metal ions in high oxidation state and with two or fewer d electrons, such as molybdenum(VI) and vanadium(V) complexes, tend to have non-integer MOS values which originate from ligand to metal π-donation rather than from an antiferromagnetic coupling of electrons residing in separate orbitals. 23 Considering complex 1, a visual inspection of frontier MOs of 1'-S and 1'-DR shows significant delocalization, which in both cases gives rise to π-bonding between the o-phenylenediamine fragment of the ligand and the molybdenumion (Figure ) . This not only explains the similarity in the calculated MOS values for 1'-S and 1'-DR but it also supports the earlier conclusions of the rather small effect that the diradical character has to the overall electronic structure of 1' (see above). To summarize, although the experimental structural data shows some discrepancies between the expected and observed bond lengths, the results from theoretical calculations indicate that the ground state of 1 is a singlet with a small diradical character, and which cannot therefore be fully Hence, the ground state of complex 2 was inferred to be a pure doublet, which is fully supported by the data from magnetometric measurements (see above).
The theoretical model 2'-D reproduces the experimental geometrical features of 2 from good to excellent precision (Rpar value for bond distances from Table 1 MOSs were calculated for the experimental structure of 2 (two separate molecules in the asymmetric unit) and for the theoretical model 2'-D. The MOS calculated for 2 from the average experimental bond distances is 1.50 (7), whereas the MOSs calculated separately for the individual molecules in the asymmetric unit are 1.42(10) and 1.58 (6) . The corresponding MOS value for the DFT optimized structure is 1.30(9) which differs slightly from the experimental data although the differences are again within 2. These results clearly point out the sensitivity of the MOS analysis to the X-ray data, which prevents an in-depth discussion of the electronic structure of 2. Similarly to 1, the calculated non-integer MOSs can be attributed to π-donation from ligand to the high-valent molybdenum cation (with the formal oxidation state Mo(VI)) rather than to any actual ligand to metal electron transfer.
Considered as a whole, the conducted experimental and theoretical investigations present an unambiguous picture of the electronic state and bonding in 2. To the best of our knowledge, this complex represents the first example of a stable high-valent molybdenum-amidophenoxide radical. Table 2 along with other experimental details. The data sets were collected at 223 K (1) or at 173 K (2) with an Enraf Nonius Kappa CCD area-detector diffractometer with the use of graphite monochromated Mo-Kα radiation (λ = 0.71073 Å). Data collection was performed by using φ and ω scans, and the data were processed by using DENZO-SMN v0.93.0 27 . SADABS 28 absorption correction was applied for complex 2. The structures were solved by direct methods using SHELXS-97 29 and full-matrix least-squares refinements on F 2 were performed using SHELXL-97 29 . All figures were drawn with Diamond 3. 30 For all compounds, the heavy atoms were refined anisotropically, whereas all hydrogen atoms were included at the calculated distances with fixed displacement parameters from their host atoms (1.2 or 1.5 times of the host atom). was used for visualizations of spin density and molecular orbitals.
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